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Purpose: Postoperative adhesion is the most frequent complication of abdominal 
surgery. Therefore, we investigated the individual effects of synthetic barrier [hyal- 
uronic acid/carboxymethylcellulose (HA/CMC)] and pharmacologic agents [low 
molecular weight heparin (LMWH) cyclo-oxygenase-2 inhibitor (COX-2 inhibi- 
tor)] using animal model of intra-abdominal adhesion. Materials and Methods: 
The cecum was rubbed with sterile alcohol wet gauze until subserosal haemor- 
rhage and punctate bleeding developed under the general anesthesia. Five animal 
groups were prepared using the film HA/CMC, gel HA/CMC, LMWH and COX- 
2 inhibitor. Results: The grade of adhesion by modified Leach method for group I 
(control), II (film type HA/CMC), IE (gel type HA/CMC), IV (LMWH) and V 
(COX-2 inhibitor) were 5.35±1.8, 6.15±1.3, 4.23±2.6, 5.05±0.7 and 5.50±0.9, re- 
spectively. Group III showed the least grade of adhesion and it is statistically sig- 
nificant in adhesion formation (/?=0.028). The numbers of lymphocytes were sig- 
nificantly low in group III and group V compared to the control group (lymphocyte: 
/3=0.004). The mast cell counts were generally low except for the control group (I: 
1.05, II: 0.35, III: 0.38, IV: 0.20, V: 0.37), however, it was not statistically signifi- 
cant (/?=0.066). Conclusion: The gel barriers were shown to be partly efficient in 
inhibiting the formation of postoperative adhesions and might provide an option 
for abdominal surgery to reduce postoperative adhesions. The LMWH and COX-2 
inhibitor had been known for their inhibitor effect of fibrin formation and anti-an- 
giogenic/anti -fibroblastic activity, respectively. However, their preventive effects 
of adhesion and fibrosis were found to be obscure. 
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INTRODUCTION 



Adhesions are internal scars and still remain as an almost inevitable consequence 
of most abdominal procedures, occurring after 63-93% of intra-abdominal proce- 
dures, and the rate increases up to 97% following pelvic surgery. 1 - 2 Adhesions be- 
come apparent clinically in the form of chronic abdominal pain, female infertility, 
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and small-bowel obstruction. 3 The main factor of the intra- 
abdominal adhesions is surgical trauma (incision, cauteriza- 
tion, suturing, ischemia, desiccation abrasion). However, 
there exists no clinically relevant and effective method which 
has shown to be adequate in the prevention of adhesion for- 
mation, even after engaging in meticulous operative tech- 
niques which require delicate handling of tissue. 

Recently, several synthetic biologic products have been de- 
veloped. Despite the biochemical differences of these prod- 
ucts, they act as a barrier between peritoneal surfaces and in- 
tra-abdominal organs. In addition, pharmacologic agents 
that target fibrin, fibroblasts and angiogensis have been ap- 
plied and assessed. These agents reduce the peritoneal in- 
flammatory response following the surgical trauma, thereby 
reducing the fibrous reaction and mature stages of adhesion 
formation. 4 The cyclo-oxygenase-2 inhibitor (COX-2) in- 
hibitor suppresses prolonged inflammation of injury and se- 
lectively inhibits angiogenesis. Therefore, it may enhance 
the reduced adhesion formation with anti-fibroblastic and 
anti-angiogenic properties. The fibrin blood clots can serve 
as a nexus for adhesions. Consequently, low molecular 
weight heparin (LMWH) prevents clot formation and re- 
duces the adhesion formation. 

Although these synthetic material and pharmacologic 
agents have their positive results, there is no comparative 




Fig. 1. The cecum was rubbed until subserosal haemorrhage and punctate 
bleeding developed. 



study using the same model. Therefore, we investigated the 
individual effects of synthetic products [hyaluronic acid/ 
carboxymethylcellulose (HA/CMC)] and pharmacologic 
agents (COX-2 inhibitor, LMWH) using animal model of 
intra-abdominal adhesion. 



MATERIALS AND METHODS 



Animals 

The animals used were specific pathogen free Sprague-Daw- 
ley rats (male, NTacSam: SD, Samtako Co, Seoul, Korea), 
12 to 13 weeks of age, weighing 200 to 220 gm. The rats 
were kept in controlled ambient temperature (22-24°C) and 
lighting (12-h light-dark cycle) conditions. They were fed 
with standard rabbit pellets and tap water ad libitum. The 
animal care and procedures were performed in accordance 
with the recommendations outlined in the ethics committee 
of the animal experiment of Ewha Womans University Col- 
lege of Medicine. 

Anesthesia, animal model and euthanasia 

Each rat was anesthetized by intramuscular administration 
with mixture of Zoletil 50 s ' (Virbac Laboratories, France, 
Tiletamine 125 mg/5mL, Zolazepam 125 mg/5mL, 50 mg/ 
kg) and Rompun® (xylazine hydrochloride, BAYER Korea 
Co., 23.32 mg/mL, 2.5 mg/kg). The abdomen was shaved 
and cleaned with a povidine iodine solution and the abdom- 
inal laparotomy was performed by midline incision expos- 
ing the wall of the cecum. The cecum was rubbed with ster- 
ile alcohol wet gauze until subserosal haemorrhage and 
punctate bleeding developed (Fig. 1). Then, about lxl cm 
of peritoneum of anterior abdominal wall was removed and 
the cecum was returned to its anatomic position. Before clos- 
ing the wound, a thin film plate and gel of HA/CMC were 
applied between the cecum and the abdominal wall in group 
II and III, respectively. In group I, normal saline was given 
and represented the control group (Table 1). The abdominal 
cavity was then closed in 2 layers with simple, continuous 
sutures of Vicryl® 3-0. The group IV was treated with Clea- 
xane® (enoxaparine Na, Sanofi Aventis Korea, 1 mg/kg) sub- 
cutaneously for 7 days after the identical surgery in group I. 
The group V was prepared by the same manner as in group I 
(control group) and was given Clebrex® (celecoxib, Phar- 
macia Korea, 50 mg/kg) orally for 2 weeks (Table 1). Dur- 
ing surgery, rat was handled always with starch-free gloves, 
and body temperature was maintained using light bulb and 
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warm mat. Each group was consisted of 20 rats and the 
above procedures were done by one surgeon for minimiz- 
ing the bias of surgery of animal model. 

After the peritoneal trauma, the cellularity of adhesion 
was replaced almost entirely by collagen fibrils associated 
with macrophages between 2 weeks and 2 months. There- 
fore, three weeks after the surgery, the rats were euthanized 
by intraperitoneal injection of Zoletil 50* (200 mg/kg) and 
the inverted U-shape window was made for the assessment 
of adhesion grading. For histopathologic evaluation of ad- 
hesion sites, the cecum and adhered organ were resected 
en-bloc together with any adhesive tissue and preserved in 
4% buffered formaldehyde solution. 

Grading of adhesion 

Macroscopic grading 

Macroscopic grading was assessed by two general surgeons 
using the modification tool of Leach grade and Nair grade 
(Table 2 and 3). 5 The adhesion to the uterine horn is usually 
scored using Leach grade. We modified original grade of 
Leach, which included uterine horn as well as the whole in- 
tra-peritoneal organs for scoring of adhesion. Other detect- 
ed intra-peritoneal pathologies were also recorded. 

Microscopic grading 

Serial sections were stained with haematoxylin and eosin, 
and evaluated the grade of adhesion and fibrosis under light 
microscopy. All evaluations were performed by single pa- 
thologist who was blinded to the methods and groups. 

The degree of fibrosis was assessed by the percentage of 
extent adhesion area, the grade of fibrosis and the fibrosis 
depth. The extent adhesion area was defined as the percent- 
age of fibrotic area on the most severe adhesion field. The 
grade of fibrosis was divided into four grades according to 
the density of collagen fibers (0: none, 1: thin, 2: moderate, 
3: thick). The depth of fibrosis was evaluated by penetration 
depth of fibrosis from serosa to mucosa (0: none, 1: serosa, 
2: muscle, 3: submucosa, 4: mucosa). The inflammation de- 
gree was evaluated by the number of inflammatory cells 
(neutrophils, macrophages, lymphocytes, giant cells and 
mast cell) under the 10 high power fields (HPFs) (Fig. 2). 

Statistical analysis 

Kruskall-Wallis test was used to detect significance of inter- 
group differences. If the Kruskall-Wallis test was signifi- 
cant, we used Post hoc Mann- Whitney U test with Bonfer- 



roni adjustment. The statistical analyses were performed 
using the SPSS software package (version 16.0, IBM, USA). 
The numerical data were expressed as mean and standard 
deviation. The results were evaluated with a confidence in- 
terval of 95%, and p-values below 0.05 were considered to 
be statistically significant. 



RESULTS 



The organs adhered to rubbed cecum were small bowel, co- 
lon and abdominal wall, respectively. The grade of adhesion 

Table 1. The Animal Number and Treated Materials Accord- 
ing to the Model Groups 



Name of group 


Number of rats 


Treated material 


Group I 


20 


None 


Group II 


20 


Film type HA/CMC 


Group III 


20 


Gel type HA/CMC 


Group IV 


20 


LMWH 


Group V 


20 


COX 2 inhibitor 



HA/CMC, hyaluronic acid/carboxymethylcellulose; LMWH, low molecular 
weight heparin; C0X-2 inhibitor, cyclo-oxygenase-2 inhibitor. 

Table 2. Modified Leach Grading of Adhesion* 



Severity of adhesion Degree of adhesion 



Extent of 
adhesion 



0=no adhesion 

l=filmy avascular 

2=vascular or 
opaque 

3=cohesive 
attachment 

Sum : 



0=no adhesion 

l=adhesion separated 
with gentle traction 

2=adhesion separated 
with moderate traction 

3=requiring sharp 
dissection 



0=no adhesion 
1=1-25% 

2=26-50% 

3=51-75% 
4=76-100% 



*Modification was done by author. 
Table 3. Nair's Grading of Adhesion 



Macroscopic adhesion grade 



Microscopic adhesion 
grade 



0=no adhesion 

l=single band of adhesion 
between viscera to abdominal wall 

2=two bands either between viscera 
or viscera to abdominal wall 

3=more than two bands between 
viscera or viscera to abdominal 
wall or intestines forming a mass 
without being adherent to the 
abdominal wall cohesive attachment 

Sum : 



0=no fibrosis 

1= fibrosis with thin 
collagen bundle 

2=tissue with wider 
and less vascularized 
collagen fibrosis 



3=tissue with thick 
collagen bundle 
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Table 4. Grade of Adhesion According to the Groups 



Method 


Mean±SD 


p value 


Modified leach's grade 




0.028 


Group I 


5.35±1.8 


1.596* 


Group II 


6.15±1.3 


1.596* 


Group III 


4.23±2.6 


0.024* 


Group IV 


5.05±0.7 


0.036* 


Group V 


5.50±0.9 


1.058* 


Nair's grade 




0.081 


Group I 


2.24±1.0 




Group II 


2.10±0.7 




Group III 


2.23±1.4 




Group IV 


2.65±0.4 




Group V 


2.88±0.8 




*Mann-Whitney U test with Bonferroni adjustment. 




Table 5. Histologic Degree of Fibrosis 






Mean±SD 


p value 


Extent of fibrosis 




0.547 


Group I 


12.59±11.9 




Group II 


13.45±9.9 




Group III 


9.46±10.3 




Group IV 


15.05±11.5 




Group V 


10.19±9.3 




Grade of fibrosis 




0.431 


Group I 


1.47±0.8 




Group II 


1.60±0.5 




Group III 


1.08±1.0 




Group IV 


1.35±0.4 




Group V 


1.38±0.8 




Depth of fibrosis 




0.827 


Group I 


2.24±1.0 




Group II 


2.10±0.7 




Group III 


2.23±1.4 




Group IV 


2.65±0.4 




Group V 


2.88±0.8 





by modified Leach method (mean±standard deviation) for 
groups I, H, EI, IV and V were 5.35±1.8, 6.15±1.3, 4.23±2.6, 
5.05±0.7 and 5.50±0.9, respectively. Group III showed the 
least grade of adhesion and it is statistically significant in 
adhesion formation (p=0.028). Subsequent analysis revealed 
that group I and III were statistically significant in the sever- 
ity of adhesion of the modified Leach (/?=0.024). In Nair's 
classification, the grade of adhesion was as follows; group I: 
2.24±1.0, group E: 2.10±0.7, group III: 2.23±1.4, group IV: 
2.65±0.4, group V: 2.88±0.8. The Nair's macroscopic grade 
did not show any statistical significance even though the 
animal groups were same (Table 4). 

The degree of fibrosis (extent, grade and depth) was ana- 
lyzed and the group III showed the least fibrosis in the ex- 



tent, grade and depth. Although the group III showed the 
intergroup difference with the group I (control group), the 
observed data could not reveal any statistical significance in 
the whole group analysis (Table 5). 

The inflammation degree was evaluated according to the 
number of inflammatory cells (neutrophils, macrophages, 
lymphocytes, giant cells, and mast cell) under the 10 HPFs. 
The cell count of macrophages showed intergroup differ- 
ences, and the least numbers were detected in the group III 
and V (group I: 56.6, group II: 33.50, group III: 16.9, group 
IV: 24.7, group V: 15.4, />=0.383). The number of lympho- 
cyte was significantly low in group III (74) and group V 
(93) compared to other groups (group I: 390, group II: 174, 
group IV: 224, />=0.004) (Fig. 3). The mast cell count was 
generally low except the control group (group I: 1.05, group 
E: 0.35, group EI: 0.38, group IV: 0.20, group V: 0.37) and 
it was not statistically significant (p=0.066) (Fig. 4). 

The numbers of neutrophils (group I: 799.6, group II: 
351.1, group III: 106, group IV: 115.5, group V: 126, p= 
0.115) and giant cells (group I: 8.59, group II: 5.8, group 
EI: 2.4, group IV: 5.7, group V: 2.3, />=0.118) were low in 
treated groups (group II- V), but there were no statistical dif- 
ferences within the treated groups. 



DISCUSSION 



Surgical trauma is considered to be the major clinical factor 
related to the pathogenesis of intra-abdominal adhesions. 1 
This surgical procedures (incision, cauterization, suturing, 
ischemia, desiccation abrasion) easily make the injury to 
peritoneal surfaces, leading to inflammatory processes and fi- 
brosis between tissues and organs. 1 In the absence of resolu- 
tion of fibrinous mass by fibrinolysis, fibroblasts migrate into 
the fibrinous mass from the injured tissue surfaces. Then, 
collagen and other forms of extracellular matrix could be 
deposited with the subsequent development of a permanent 
adhesion. 6 Therefore, the adhesion can lead to significant 
morbidity and mortality including strangulation, obstruc- 
tion, necrosis of bowel loops and/or infertility and organ in- 
jury during repeated abdominal surgery. One cohort study 
reported that 34.7% of patients in the open abdominal sur- 
gery experienced at least one outcome readmission over 10 
years. 7 

The generally accepted concept for preventing adhesion 
formation during surgery is to minimize surgical trauma. 
Besides minimizing surgical trauma, other factors may in- 
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c 




Fig. 2. The Grade of fibrosis. (A) Grade 0: no collagenous fibrosis in the bowel wall. (B) Grade 1: the mild degree of collagenous fibrosis in the perihepatic soft 
tissue. (C) Grade 2: the moderate degree of collagenous fibrosis involving colonic mucosa, muscle layer, and pericoloic fat tissue. (D) Grade 3: the extensive 
collagenous fibrosis in the whole layer of colonic wall with mucosal ulceration (Under the 10 high powerfields). 
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Fig. 3. Lymphocyte counts according to the groups. HA/CMC, hyaluronic 
acid/carboxymethylcellulose; LMWH, low molecular weight heparin; COX- 
2 inhibitor, cyclo-oxygenase-2 inhibitor; HPF, high powerfields. 

fluence adhesion formation, such as using materials which 
form foreign body reaction, including starch from surgical 
gloves, suture materials, mesh and the duration of surgery. 
Therefore, the adjuvant materials are needed to reduce ad- 
hesion development if surgical techniques are inevitable. 

Despite the extensive efforts undertaken to prevent peri- 
toneal adhesion formation, no single method has thus far 
been successful. As a result, several studies have been per- 
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Fig. 4. Mast cell counts according to the groups. HA/CMC, hyaluronic acid/ 
carboxymethylcellulose; LMWH, low molecular weight heparin; COX-2 in- 
hibitor, cyclo-oxygenase-2 inhibitor; HPF, high powerfields. 

formed using different substances and various drugs that 
may, by acting locally or systemically via different mecha- 
nisms of action, safely and efficaciously reduce the inci- 
dence, severity and extent of postoperative adhesions in dif- 
ferent experimental settings. 8 10 Mast cells have been shown 
to play a significant role in the early inflammatory stage of 
wound healing and also influence proliferation of tissue. 
Macrophages are essential contributors towards the resolu- 
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tion of inflammation and can produce profibrotic mediators. 
Other inflammatory cells are related with the several medi- 
ators (e.g. IL-6, 8, TNF-a, IL-ip, IL-6, TGF-P) which lead 
to an activation of the extrinsic cascade initially resulting in 
fibrin matrix. This matrix will be organized further, thereby 
forming peritoneal adhesion. 

The film types of HA/CMC and gel type HA/CMC were 
generated as a synthetic barrier. They remain in the perito- 
neum for approximately 7-10 days after applying and grad- 
ually degrade because of the presence of cross-linked car- 
boxymethylcellulose. 51113 As such, they are going to work 
by separating the injured tissue from other tissue surfaces 
during the initial postoperative time period while remeso- 
theliazation is occurring, a process that is usually expected 
to take 3 to 5 days. Retrospective analysis and a random- 
ized controlled trial revealed the safety and efficacy in re- 
ducing postoperative adhesion development after intra-ab- 
dominal surgery. 1416 Another study showed that the patients 
group using the HA/CMC had less disability and a lower 
incidence of pectoralis tightness than the control group, but 
the difference was not significant. 17 In our study, both film 
types of HA/CMC and gel type of HA/CMC showed the re- 
duction of inflammatory cells (macrophage, lymphocyte and 
mast cell), but only the gel type of HA/CMC had a benefit 
in the grade of adhesion, whereas other experiments did not 
show the same pattern of difference of adhesion grade be- 
tween film type of HA/CMC and gel type of HA/CMC. Al- 
though we were unable to clarify the precise reason behind 
the difference between the film type and gel type, one pos- 
sible reason could be the difference in the completeness of 
the covering. Namely, the film type HA/CMC is fragile and 
thus difficult to wrap the wound on a curved surface. On the 
other hand, the gel type of HA/CMC can cover the entire 
surface of the injured site, hence the adhesion would be less 
cohesive in comparison to the film type. 

Several systemic agents have been proposed to prevent 
postoperative abdominal adhesions. 51118 19 However, it is 
hard to evaluate the relative effect of adhesion preventions 
among the anti-adhesive agents. The agents used for this 
purpose may be divided mainly into two groups as having 
local and systemic effects. COX-2 inhibitor is one of the fa- 
miliar NSAID known for its anti-angiogenic effect and an- 
ti-fibroblastic activity. 611 These anti-angiogenic effect and 
anti-fibroblastic activity could attenuate the adhesion for- 
mation. However, our data based on the number of the anti- 
inflammatory cells (lymphocyte), showed only an anti-in- 
flammatory effect without any preventive effect of the 



adhesion and fibrosis. Unfortunately, some COX-2 inhibi- 
tors exhibited a considerable amount of cardiovascular tox- 
icities, thus no further study was available to investigate the 
preventive effect of adhesion. 

Heparin is used as an anticoagulant agent, having an in- 
hibitor effect of fibrin formation. Therefore, it was used for 
the prevention of adhesions. 8 However, it is not easy to use 
in immediate postoperative period due to bleeding tenden- 
cy. The LMWH also prevents clot formation and reduces 
the adhesion formation. Accordingly, we used the LMWH 
which has minimal bleeding tendency for immediate ad- 
ministration after surgery. However, our data did not reveal 
any benefit in the reduction of adhesion and fibrosis, and 
showed only anti-inflammatory effect, evidenced by low 
number of inflammatory cells. Other animal study using hep- 
arin suggested the possibility of high dose to prevent adhe- 
sion. 817 The study using the combination of heparin and 
film type of HA/CMC did not show any additive heparin 
effect. 8 Therefore, further studies are needed to determine 
the preventive effect of adhesion and suitable dose. 

In conclusion, our data showed that the gel type of HA/ 
CMC is partly efficient in inhibiting the formation of post- 
operative adhesions and may provide an option for abdomi- 
nal surgery to reduce postoperative adhesions among the 
anti-adhesive materials. While the LMWH and NSAID did 
exhibit anti-inflammatory effects, their preventive effects in 
adhesion and fibrosis still remain obscure. Thus, there is a 
need for more randomized studies and clinical investigation 
of combination of anti-adhesive agents. 
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